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ABSTRACT

The role of dispersed calalyst in hydroconversion of heavy vacuum residue is o
suppress the cause formafion and promalé the upgrading reaction sulfur, Mfrogen,
mefals removal and conradson carbon reduction. In this study. the effect of
temparature (350 - 425°C) and catalyst/ feed ratio (1/10, 2/10 and 3/1G) on the
hydrodemetallation (HOM), hydrodeswphurization (HDS), conradson carbon ramoval
and produc! disiribution of heavy vacuum residue has been investigated. Three spent
calalyst are wsed which produced from different refining processes. Comparison
batwean the yield and performance of the produe! by using the three spent catalysts af
400°C and calalystfeed ralic 2/10 shows that HDS, HDM and conradson carbon
removal for spend cafalys! produced from hydrodesulphurization of kerosene was
higher than thal of spent calalyst produced from hydrodesulphurization of gas oll and
spent catalyst produced from recefining of wasle lube ail

INTRODUCTION

The use of dispersed catalysts may offer an interesting solution 10 upgrading heavy feed
sfocks and petroleurn residues. In facl, the slurry processes combine the advanlages of the
carbon rejection technologies in terms of flexibility with high pedformances peculiar of the
hydrogen addition processes [1 - 4).

Very high levels of catalyst dispersion, which strongly effect the hydrogen uptake, can be
achieved by introducing finely divided powders or waler or cil-soluble compounds imba Peed.
The aclive species of the catalyst is a metal sulfide, which is generaled in Situs by thermal
decomposition of the precursor [5).

In the last few years, many aspects dealing with the use of dispersed calalyst have been
explored rather extensively: nevenheless, the problems associaled with the development of
siurry processes are not completely solved [6]. Main Bmitation to their commercialization
concem the high investment and operaling cosis due 1o the catalyst make-up for the S@Evanty
of the process. Al present, the most advanced slury technologies [7 - 10) are based on the
use of inaxpensive, additives. for instance Fe- based compounds or carbonaceous matenal
o control coke formation, The role of dispersed catalyst in hydro processing of heavy
vacuum residua is to suppress the coke formation and promote the upgrading reaction
{sulfur, metals removal and conradson carbon reduction [11]. In the presenl work we used
inexpensive spent calalyst for upgrading the heavy residue. In order o produce deasphalled.
In order to produce deasphalied oil such deasphalted oil may bé economically used in a
catalytic- cracking process.

Experimental work

Feedstock: The vacuum pelroleum residue was oblained from Suez Pelroleum Co(12) and
have the charactenstics show in pan(1)

Catalyst: Three spent catalysts in the crushed form were used
Spent catalyst (1) proeduced from hydrodesulphurization of keroseng (used for fen years)
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Spent catalyst (2) produced from hydrodesulphunization of gas cil{used for ten years )
Spent catalyst (3) produced from re- refining of waste lube oil (used for five years)
The charactenslics of 1he three spent catalysts are indicated in table (2).

Calalyst pretreatment, The catalyst contaminanis, such as residual oil, sulfur and cokeé were
removed as follows:-

1- Washing the spent catalyst first with naphtha and then with toluene in a soxhiel extraction
reactor in order to remove rasidual oil.

2- Tha clean catalyst contsining coka, sulfur and melals was then, dred In an owen ai 120°C
for two hirs, Tha dried catalyst was subjected to carbon disulfide {100mL10gm) with agitation
at room temperature in closed flask for 12 hrs and then the product was filtered and dried in
air al room temperature followed by healing in an eleciric oven to 450°C at 25°Cth
maintained constant for 20 hrs in order to remove both carbon (decoked) and the remaining
Sulfur,

Experimental procedure and analysis:-
The reaction was conducted in a slainless high-pressure autoclave reactor (Parr-Model

4572), magnetically stirad, with an innér volume of 1800 ml and heated by digital controllér.
Reaction condilions were a5 follows:- reaclion temperature 375-425°C. initial hydrogen
pressure 60 bar, process time two hrs, and calalyst to feed ratio; 1710, 210, 3N0 (wiha). AL
the and of the reaclion the autoclave was left to cool 1o room temperature, untill total
pressure decreasad. The gas product was collecied and the ligud producd was filtered 1o
saparate solid calalyst, ihen analyzed according 1o ASTM standard methods to abtain the
chasidlation curvas of volatida frachons.

RESULTS AND DISCUSSION

1- Effect of Reaction Temperaiure:-
Table (1) represent the charactenstics of the catalyst used the effect of reaction lempérature
during hydroprocessing of vacuem residue on the product distribution and the performance of
the product of the three spent calalyst was studied in the range of 375-425"C. Experimental
results for hydrodesulphurnization, hydredemetallation and conradson carbon rasidué of Uvee
spenl calalyst as a function of temperalure are praseniad in Table (2 - 4). and Figures.(1 and
2). It is clear that generally the product quality was improved when reaclion temparaturé was
increased, while the heavy oil > $00°C was decreased. This IS alinbuted o the powder
calalysts act as a sile for ceposition of metals and coke [2] and the feed oil fraction of
hydrocarbons were convered Lo lower carbon numiser hydnocarbons.
2- Effiect of catalysy fead ratio
Tables (5 - 7) and Flgures. (3 and 4) represant the effect of catalyst to feed ralio on the
quality and distributions of the product. It is seen thal by mcreasing cal/feed ralio the quality
of the product are improved and atl the same lime heavy oil > S00°C yiel is decreased due
lo the increase dispersion of the catalys! with feed and due 1o increase the active metals of
the catalyst (Co, Mi, Mo} and then the catalylic activity increase

Tables (8 and ©) shows thal the companson between the yield and performance of the
product by using the three spent catalysts al 400°C and catalystfeed ratio 210, It can be
concluded that the hydrodemetallation (HOM) activilies for the three spent calalysts were
higher than that foer the hydrodesulphurization (HDS) activities. 0 shows hat
hydrodesulphurization (HDS), hydrodemetallation (HDM) and conradson carbon removal for
spen catalyst (1) was higher than that of spent calalyst (2) and speni catalyst (3). This is due

Daka J, Soi. 2006, 30, 12-20



H.%, &hmed and M5, Mohamas 14

Io that the spent catalyst (1), which produce from HDS of kerosene having high surface area
and average pore diameter than that of the other catalysis,

Table (1) Characteristics of spent catabysts
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Table (2} Effect of Reaction temperature on hydroprocessing of vacuum Residus vsing spent catalyst
(1) produced from HOSE of kerosene
Condiflons: pressure B0 bar, Time: 2 hrs Cat / fesd: 2110
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Table (3): ENect of Reaction temperaiure on hydroprocessing of vacuum Residus using spent catalkyst
(2) produced frarm HOS of gas od Conditiens; pressure G0 bar, Time 2 hre Cat [ feed; 2710

Yinid Feed 350 ars &00 425
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Table (4): ENact of Reaction tarmperature on hydroprecessing of vacuum Residue using spant catabyst
[3) producad from re-refining of waste oll, Conditions: pressure GO bar, Time 2 hrs Cal ./ feod:
210
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Tabla (5): EHect of catalystFeed ratlo on hydroprocessing of vacuum Residue using spent catalyst (1)
Conditlon ! Tamp, 400C° | pressurs 80 bar | Time 2 hra

Wit Prodct wi Fesd | 180 FIT T
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Table (B); EMect of calalyst Foed ratio on hydraprocessing of vacuum Residue using spont catalyst (2)
Condition;= temperatine 400°C | pressuce - 60 bar, Tim 2 hes

Wil Fuooa 11l 218 E L
wen |
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Tabie (7): Effect of catalyst Feed ratio on hydroprocessing of vacuum Residue using spent catalyst {3)

Table (8): Effect of catalysts type on total sulphur content during hydroconversion of vacuum residus
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Condfions | Temperature 400C*, pressure : 80 bar, Time 2 hrs

W Feed 110 210 o
sedd

| HE Gas 0.55 25 49
| HgS + HHy = Losa 'k 0.5 i
Total biuld yaki wt % 5408 9.8 541
| Mapniha {C170°C) 0.18 040 L | B—
Gas odl (1 70-350'C) 20 2 739
Vatwum gis ol (350 344 3 ™
S00°C)

Hearey ol 500° 44.27 38 31.38
Charscienistics of haavy

| il S007C

Sulur conlent with 463 1.5 1,62 139
Mgtal cand pem 303 8084 77 B2 56
C-carbon reskdue v 18.TS _B.14 528 413
HOS % 58 a8 T2
| HOM % 70 75 &0
C-garban tereal % &7 72 8

vacuum residug at &

Tabla (B): Comparison betwaan three spent catalysts during demetallation and deasphalting of
2, 2 hre, 50 bar and 21 cal/ fead ralio

Characteristics Spent (1} Spent (2) Spent (3}
HC. Gas T.ar 4. 85 8
H38 + Wiy + Loss 0Led T 0.5
Tatal liquid yield wi % 81,8 G435 86 &
Naphiha {C3-170°C) 1.5 0.85 _08
Gas oil (170-350°C) 5.1 x 22
e bl 30,1 34 36
Haevy oll 500*°C 35 1 38.5 3
Characieristics heavy
il 500°
HDS % 72 68 65
HD %% a7 ix] [i-]
C-carbon removal % 82 T8 T2

at 00°C, 2 hrs, B0 bar and 21 cat/ feed ratio
Characteristcs Spant (1) Speet [7) Spant (3)

Toal liquid yield wt, % 152 15 225
Nagpiheha (C3-170°C) 0,05 009 0,10
| Gas ol (170-250°C) 0.10 019 025
Vacuurn gas o (360 ] e | 027
S00°C)

Haavy ol S00°°C 120 1.£8 162

Dweta J. Scl 2006, 30, 12-20




H.& Abhmed ared b5, Mohamed

10 1
——Sostc (1)
o || Cmeea

B BAMA

N

e R E ) 4m i3 LE
Tergerature, “

Fig. (1 effect ol reactivn tempeiatre sn HOM of Heavy
vacuun Residue using different spont catalysns

—a— mpert cat (1)
—O— spert col ()
B A | —i— gmert eal (T

N

125 ¥ 17e 400 495 453
Teagpser atu o, "

Fla. (2} Effect of temnparalure on contadisn-caibon removal of
heavy vacumm Resldue wsing differsnt spent catalysis

Dwita J. S0 2005, 30, 1220



18 STUDY ON DEASPHALTING ..

I e

== Spari Gl (1}
an 4 = it cot (1)
—i— FET et (7]
a5 -
= ad -
g
LR
=%
B5 +
B0 - -
1m0 410 .M
st Fagil, wiwi

Fiig. {0y Eifect of catalyst Fead sativ sin HOM of He oy vacuuns Residue
vgleeg differei spent catakysl

el el Ol 1)
—a— mpart Sal 2]
—a— apert Sl (1)

\

100 180 3H0
Cat feed wiwl

[P () ERTeat Htlﬁh’ﬂfﬂll-ﬂﬂﬂlﬂﬂﬂiﬂwhﬂllﬂ'ﬂ" of Fledny'
vacingi Rekdee k) Eerend spod calakys!

Dislta J. Soi 2006, X, 12-20



H.5. Ahmad and M 5. Mohamed 20

CONCLUSION
Powder catalhysts acl as a site for the depaosition of metals coke and reduced this impurities
from vacuum heavy residue.
Hydrodemetallation (HOM) activities for the three spent catalysts were higher than that for
the hydrodesulphunzation (HDS) activities,
. hydrodemetallation (HDM) and conradson carbon remaoval for spent catalyst (1) produced

from hydrodesulphurization of kerosene was higher than that of ather catalysts.
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